ABSTRACT
INTRODUCTION
Oxygen is one of the most frequently used therapeutic agents in the clinical settings worldwide. However, healthcare professionals, even in developed countries, have paid little attention with respect to its indications for potential use, dosage, concentrations required for administration, duration of administration, side effects, and toxicity. [1] It was toward the end of the 19 th century that the use of oxygen became widespread in the treatment of diseases. Paul Bert and Lorrain Smith considered as a "drug". [11] Despite there appear studies on the exposure time and concentration of oxygen in the body, no clear guidelines have emerged yet on this subject. [12, 13] The administration of oxygen therapy to critically ill patients is a complex process with many barriers, and it has been shown that the majority of applications have been made without sufficient evidence. [14] [15] [16] Studying the role of oxygen toxicity in patients who are on mechanical ventilation is even more of a challenge. In a retrospective study of 50 intensive care units (ICUs), de Jonge et al. [17] examined the relationship between mortality and arterial oxygen pressure in patients on mechanical ventilation support, and high mortality rates were observed in patients with high FiO 2 . They found that both low and high PaO 2 increased mortality rates in the first 24 hours in ICU. [17] In a recent similar study by Eastwood et al. [18] hypoxia increased mortality, but no finding was reported suggesting that hyperoxia increased mortality.
The primary aim of our study was to explore the relationship between arterial oxygen tension and mortality of patients in the intensive care unit on mechanical ventilation support, high or low PaO 2 in the first 24 hours being associated with mortality. Then we examine the relationship between arterial carbon dioxide tension and in-hospital mortality of patients requiring mechanical ventilation support.
MATERIALS AND METHODS

Ethical Approval
The study was granted approval by the Ethics Committee of İstanbul University Medical Faculty (Registry Url: 2011/1790-790 in accordance with the Code of Ethics of the World Medical Association-Declaration of Helsinki).
Inclusion Criteria
Our ICU is a tertiary level unit with a total of 17 beds, comprising four isolation rooms and 13 beds in the open area. The inclusion criteria were patients aged over 18 years who received mechanical ventilator support from the time of admission and had arterial blood gas analyses in the ICU. Patients with severe burns or following cardiac surgery were not included in our study. [17] We have also excluded those with incomplete records of blood gas values, APACHE II score with diagnosis on admission, or SOFA score.
Data Collection
From the patient records, the demographic characteristics (age, gender), date of admittance to ICU, length of stay in ICU, diagnosis causing ICU admittance, comorbidities, and blood gas values (provided it was arterial blood gas) within the first 48 hours in ICU were noted on a protocol form prepared with 6-hour sections. The values were examined from the blood gas values at 6-hour intervals, including the PaO 2 (arterial oxygen pressure), PaCO 2 (arterial carbon dioxide pressure), mechanical ventilation mode, PEEP (positive end-expiratory pressure), PAP (peak airway pressure), MAP (mean airway pressure), FiO 2 (inspired oxygen concentration), number of sections where FiO 2 decreased or increased, and the PaO 2 /FiO 2 ratio.
To explore the relationship between arterial oxygen pressures and mortality, the arterial blood gas selection model described in the study by Eastwood et al. [18] was used. Based on this model, if the FiO 2 value is at least and more than 0.5, the PaO 2 value was taken as the value at the time of the highest alveolar arterial gradient (A-a), and if the FiO 2 value was <0.5, the worst PaO 2 value was taken. In case the FiO 2 values taken in the first 24 hours were both less than 0.5 and at least and more than 0.5, then the blood gas parameter was used to define as the "worst" PaO 2 . Following data preparation protocols, the patients were separated into two groups according to the PaO 2 values. Group 1 was the normoxemic group with a PaO 2 value of 60-120 mmHg and Group 2 was the hyperoxemic group with a PaO 2 value of ≥120 mmHg.
Hypocapnia, normocapnia, and hypercapnia were established by taking the mean value of the PCO 2 parameter throughout the follow-up period and examining these values. Patients with PaCO 2 value <30 mmHg were determined to have hypocapnia, those with 30-50 mmHg normocapnia, and those with >50 mmHg hypercapnia.
Statistical Analysis
The The general characteristics of the patients according to mortality are shown in Table 1 . The mean age of the nonsurvivor patients was observed to be statistically significantly higher than that of the survivors (p<0.05). It was found that the length of stay in ICU of the survivor group was statistically significantly longer than that of the nonsurvivor group (p<0.01). The total duration of mechanical ventilation, the renal replacement therapy (RRT) days, and the duration of vasopressor agent administration were also higher in the nonsurvivor group than the survivor group. The APACHE II scores and the SAPS II levels were statistically significantly higher in the nonsurvivor group than in the survivor group (p<0.01).
No statistically significant relationship was found between mortality and the place from where the patient was admitted to ICU. The exitus rate was statistically significantly higher in the group transferred from clinics within the same hospital (p<0.01), and the discharge rate was determined to be higher in the group transferred postoperatively from the operating theater (p<0.01).
The diagnoses of the patients on admission to ICU according to mortality are shown in Table 2 . No statistically significant difference was determined between the admission diagnoses and mortality rate (p>0.05) except in patients admitted for gastrointestinal, malignancy, and hematological diagnoses (p<0.05).
The evaluation of the worst values and the mean values throughout the follow-up period of the blood gas parameters of the patients according to mortality is shown in The evaluation of mortality according to PaO 2 classification (p>0.05) is presented in Table 4 . It has been shown that there is no statistically significant difference between the survivor and nonsurvivor groups in respect of mortality.
No statistically significant difference was also seen in the length of stay in ICU, APACHE score, SAPS II, total duration of mechanical ventilation and RRT day, inotropic agent day, or gender in accordance with the PaO 2 classification (p>0.05) ( Table 5 ).
The survival rates of the normoxia and hyperoxia groups were evaluated using the log rank test. It can be noticed that there was no statistically significant difference between the two groups (p=0.506, p>0.05) (Fig. 1) .
No statistically significant difference was observed between the standardized mortality rates (SMRs) according to PaO 2 classification (p>0.05) and FiO 2 classification (p>0.05) ( Table 6 ).
Hypocapnia (PCO 2 <30 mmHg) was determined in 36 (8%) patients, normocapnia (PCO 2 30-50 mmHg) in 354 (78.7%), and hypercapnia (PCO 2 >50 mmHg) in 60 (13.3%) patients. It further revealed no statistically significant difference in mortality between patients as per the PCO 2 classifications (p>0.05) ( Table 7) .
When the survival rates of the hypocapnia, normocapnia, and hypercapnia groups were assessed with the log rank test, they have also shown no statistically significant difference (p=0.602, p>0.05) (Fig. 2) .
DISCUSSION
The aim of this study was to examine the relationship between mortality and the arterial oxygen pressure and arterial carbon dioxide pressure values measured during the conducted follow-up of patients on mechanical ventilator support in ICU. From the results of this study, the following conclusions were reached: There have been conflicting reports on the subject of the relationship between hyperoxia and mortality in studies which have examined the relationship between arterial oxygen values and mortality in patients on mechanical ventilator support. [17] [18] [19] [20] However, our study has obtained similar results with Eastwood et al. [18] concerning the relationship between oxygen pressure and mortality in patients on mechanical ventilator support. In their study, while there was a significant relationship between hypoxia and mortality, no relationship was established between hyperoxia and mortality. The methodology utilized by Eastwood et al. [18] found a correlation between the PaO 2 values on admittance to ICU and the peak PaO 2 values in the first 24 hours. In our study, the same methodology was used in determining the worst PaO 2 value in the first 24 hours. Despite similar statistical results in the two studies of mean PaO 2 (15.1 vs. 16.2 kPa) and FiO 2 values (62% vs. 60%), a significant difference was found between the mortality values (26% vs. 56%). The reason for this difference could be that in the Eastwood et al. study, there were a greater number of patients being monitored in the ICU following elective surgery and the mortality of this patient group is known to be low. The SAPS II score evaluating the severity of the disease was determined to be higher (46.7 vs. 43.1) in our study compared to that of Eastwood et al. A similar study carried out by de Jonge [17] revealed that mortality increased with high FiO 2 , low PaO 2 , and high PaO 2 values in the first 24 hours in ICU. The common ground between our study and that of de Jonge et al. was the determination of high FiO 2 (50.4% vs. 60%) and high PaO 2 (13.1 kPa vs. 16.2 kPa) in the first 24 hours. It has been indicated that there was a significant difference in the mortality rates of patients (23% vs. 56%) and there may be several reasons for this difference. The results could have been affected by the different methodologies used in determining the worst PaO 2 Kaydu et al. Partial arterial oxygen pressure and mortality value in the first 24 hours (the highest alveolar arterial gradient vs. the worst PaO 2 /FiO 2 ratio), differences in diagnoses on admittance, differences in ICU management, and the fact that the latter study was conducted in 50 different centers and there may have been differences in practices in the ICUs.
Other studies have shown that the majority of patients on mechanical ventilatory support in the ICUs are administered a large amount of oxygen and the ventilator settings are not adjusted according to hyperoxemic levels. [4, 21] In a recent prospective, randomized, controlled study of critical patient groups on mechanical ventilatory support in ICU, Suzuki et al. [20] compared conventional and conservative oxygen treatment. [19] reported lower mortality rates in the conservative group (mean PaO 2 : 87 mmHg [79-97 mmHg]) than the conventional group (mean PaO 2 : 102 mmHg [88-116 mmHg]) in a similar study. Comparing these studies with our study, the mean PaO 2 values and mortality rates in our study were notably higher. This difference may be attributed to the detrimental effects of hyperoxia.
In the current study, no statistically significant relationship was determined between mortality and the hypocapnia, normocapnia, and hypercapnia groups classified according to the arterial carbon dioxide values. A recent retrospective study of a large series of patients monitored in ICU with mechanical ventilation support demonstrated that hypocapnia led to poor clinical results. [22, 23] A work by Del Castillo et al. [24] which examined the results of pediatric patients after cardiac arrest revealed that mortality has increased in hypocapnia and hypercapnia groups. In a meta-analysis of traumatic brain injury patients, Roberts et al. [25] reported that hypocapnia and hypercapnia were reasons for poor clinical outcomes. In our study, the reasons for the different results could have been that the patients were admitted to ICU for several reasons and the study methodology was different. Hence, there is a need for further studies of larger patient groups to investigate the relationship between partial carbon dioxide values and mortality.
The most important limitation of this retrospective study was the difficulty in determining a causal relationship between oxygenation and in-hospital mortality. No clear statements have been made related to the limit values and standard categorization values, which are the most important determining factors in the relationship between arterial partial oxygen pressures and hypoxia, normoxia, and hyperoxia classifications. Hyperoxia has been described as PaO 2 >300 mmHg and hypoxia as <60 mmHg [24, 26, 27] in some studies, but Brenner et al. [28] defined hyperoxia as PaO 2 >200 mmHg and hypoxia as <60 mmHg. de Graaff et al. [4] and Eastwood et al. [18] also defined hyperoxia as arterial oxygen pressure of >16 kPa or 120 mmHg. The international campaign for survival in sepsis and studies made on an ARDS study group recommended that in determining the clear arterial oxygen concentration values, the PaO 2 value of arterial oxygen pressures in the least inspiratory oxygen fraction should be between 55 and 80 mmHg or the arterial hemoglobin saturation should be kept between 88% and 95%. [29] A similar definition was used in the current study and the hyperoxia group was defined to have pressure >120 mmHg. There are no standard categorizations related to oxygen values and no clear classification had affected the results of studies conducted. Our study was implemented in a single center with a limited number of patients. As previous similar studies have been made with larger patient series, it is difficult to determine the significant relationship between the two studies and to form an opinion of methods in the approach to hyperoxia in our country.
Furthermore, the total hospital stay (days) and markers of clinical conditions of the patients were not available and the reasons for ventilator adjustment were unknown. As the study was planned according to the first blood gas values only, it was not possible to come to a conclusion on how long the values remained at normoxic and hyperoxic levels and how much this affected mortality. Although no significant relationship was determined between mortality and the oxygen values of the subgroups according to the diagnoses of the patients, further studies are warranted to examine subgroups of more extensive patient series.
Conclusion
In conclusion, no significant relationship was determined between in-hospital mortality and the arterial oxygen pressure and arterial carbon dioxide pressure of patients on mechanical ventilation in ICU. In contrast to previous studies, the relationship between early hyperoxemia and mortality was unclear. As the current study was a retrospective, observational study, there is a need for further prospective, controlled research including national data collection with an organized recording system and interventional strategies to determine a causal relationship.
